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The success of immunotherapy for ovarian cancer is determined by the effectiveness of the patient’s 
immune response, as well as the qualitative and quantitative representation of antigens of the main 
histocompatibility complex in tumor cells and microenvironment. The level of the HLA (Human 
Leukocyte Antigens) genes expression in tumor tissue does not always correctly reflect the expres-
sion of these genes in different populations of tumor cells. Aim. To analyze the frequency and range 
of somatic deletions and duplications in the HLA locus. Methods. LOH-analysis  (Loss of 
Heterozyhosity) of the STR-markers (Short Tandem Repeats) in the ovarian tumors of affected 
patients. Results. We have shown that complex somatic genomic reorganizations, involving seve-
ral HLA loci, are quite common in ovarian tumors. The detected genetic alterations vary by both 
the type (deletions and mutations in STR alleles) and proportion of the sub-population of cells with 
the alterations. Conclusion. The results obtained allow us to propose the LOH-analysis for highly 
effective detection of aneuploidy and different types of somatic genomic reorganizations in the HLA 
region even in minor cell populations. This analysis provides the additional prognostic information 
for predic ting the effectiveness of different types of ovarian cancer immunotherapy at the indi-
vidual level.
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Introduction

In recent decades, great progress has been 
achieved in the treatment of such a serious 

disease as cancer. Thanks to the development 
of new treatment concepts, it had become pos-
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sible to significantly reduce lethality, and in-
crease the duration and quality of life of cancer 
patients. Nevertheless, ovarian cancer (OC) is 
still a life-threatening disease, being the 3rd 
most common and the most lethal of the gy-
necological cancers. According to the 
International Agency for Research on Cancer 
more than 200 thousand new cases of OC are 
registered worldwide each year resulting in 
over 100 thousand deaths per year in women. 
Thus, OC remains one of the most resistant to 
treatment among gynecological cancers. In 
2017, the most significant achievement in gy-
necological oncology was considered to be the 
development of new approaches to treatment, 
the main of which for OC were the PARP (poly 
ADP ribose polymerase) inhibitors and im-
munotherapy [1]. It is proved that tumor elim-
ination can be supported by an effective im-
mune response. The cancer immuno-genomics 
is based on the principle that genomic altera-
tions generate the potential cancer cells that 
produce “non-self” novel cell surface peptides 
recognized by the patient’s Human Leukocyte 
Antigens (HLA) molecules. So specific T cell 
and B cell immunity might be stimulated by 
these antigens.

Currently, the great improvement in cancer 
treatment has been achieved by the develop-
ment of the DNA based vaccine immuno-
therapy, both targeted and non-targeted (im-
muno-stimulants/adjuvants). The basis of most 
oncological immune vaccines is the induction 
of tumor antigen-specific cytotoxic CD8+ T 
cells [2–5]. Another approach leads to the 
activation of CD4+ T cells although these cells 
play a major role in initiating and maintaining 
CD8+ T cells [6]. DNA vaccines have demon-
strated the efficacy in prostate, cutaneous 

melanoma, lung and other types of cancer 
[7–10]. The main advantages of non-targeted 
immunotherapy are (i) universality for the 
majority of heterogenic cancer cells, (ii) low 
resistance to therapy, (iii) simplicity for trans-
portation to the target; and (iv) low-cost pro-
duction. However, the effectiveness of this 
type of immunotherapy depends on the pa-
tient’s immune response and the HLA binding 
potential of micro-environment cells to  detect 
somatic alterations in the cancer genome and 
their ability to produce the immune stimula-
tory agents. With the development of cancer 
immunotherapy, it became necessary to evalu-
ate its effectiveness for a particular patient, 
because in addition to the advantages described 
above, such therapy has a number of side ef-
fects due to nonspecific autoimmune reaction. 
It has been shown that the alterations in the 
HLA class I and II antigen expression often 
have a negative impact on the progression of 
tumors growth, early disease recurrence and 
on the response to T cell-based immunothera-
py in prostate and other cancer types [11, 12].

The HLA chromosomal region consists of 
several gene clusters on 6p21.3 and encodes 
cell surface molecules of human Major 
Histocompatibility Complex (MHC). MHC 
peptides are designed to present exogenous 
antigens to the T-cell receptor on T cells. The 
HLA genes are organized into 3 chromosome 
regions according to the functions of expressed 
antigens (class I–III). The major function of 
the HLA-antigens is to induce and regulate the 
immune responses. The lymphocytes that ex-
press CD8 are engaged with the HLA class I 
antigens to activate the cytotoxic function. So 
these HLA proteins should provide the capa-
city to effectively recognize alien agents, both 



107

Somatic genomic rearrangements in human leucocyte antigens region in solid ovarian tumors

exogenous pathogens and endogenous cancer 
cells. The class II HLA molecule is a heterodi-
mer consisting of alfa and beta chains ex-
pressed on the surface of professional antigen 
presenting cells and of some cancer cells [13, 
14]. It has been shown that the cancer cells 
with the HLA class II expression are effec-
tively recognized by the patient’s CD4+ T cells 
[15]. The dysregulation of the HLA class II 
pathway by tumors is associated with the 
avoidance of an immune response [16]. The 
HLA class III genes encode inflammation mo-
le cules; they express the complement factor B, 
cell signaling cytokine TNF-alpha, allograft 
inflammatory factor 1 and some other mem-
brane proteins. It is known that an increased 
rate of somatic rearrangements in the HLA 
region is one of the possible mechanisms of 
the HLA antigens impaired expression result-
ing in an immune evasion in the development 
and progression of some types of cancers. On 
the other hand, the novel data on a single-cell 
level have demonstrated a huge heterogeneity 
of gene expression in multiple cell types of a 
tumor [17–19]. Hence, the estimation of the 
average expression levels in the tumor tissue 
is not a fully reliable indicator and does not 
reflect the population of tumor cells.

The aim of our study is to analyze the 
frequency and range of somatic deletions and 
duplications in the HLA locus using LOH-
analysis (Loss of Heterozyhosity) of the STR-
markers (Short Tandem Repeats) in the ovar-
ian tumors of affected patients. The detection 
of abnormalities in different HLA genes 
would suggest an imbalance in the expression 
of the corresponding antigens in the popula-
tions of tumor cells, which will allow us to 
predict the effectiveness of different types of 

the ovarian cancer immunotherapy at an in-
dividual level.

Patients and Methods

Patients
We used a previously presented patients group 
created in collaboration with the clinical on-
cologists [20]. All the patients gave informed 
consent to participate in the study. The patients 
group consists of 29 patients with primary 
ovarian cancers (cystadenocarcinoma (n=3), 
endometrioid carcinoma (n=6), papillary car-
cinoma (n=5), teratoma (n=1), mesonephroma 
(n=1), ovarian adenocarcinoma (n=11), undif-
ferentiated carcinoma (n=2)). Among the ovar-
ian cancer patients 8 have stage I (27.6 %), 
4 — stage II (13.8 %), 16 — stage III (55.2 %) 
and 1 — stage IV (3.4 %), 16 patients have 
invasion and metastasis.

The material of our study is the DNA sam-
ples obtained from the surgical material of 
ovarian tumors (cytologically confirmed in not 
less than 70 % of cancer cells) and conditio-
nally normal surrounding tissues of the 
OC-patients.

The study of genomic rearrangements in the 
HLA region was performed using LOH analy-
sis of the STR-markers located in HLA chro-
mosome region: D6S2678 (class I) and 
D6S2925 (class III). One of the PCR-primers 
for each STR-marker amplification was labeled 
by Cy5 fluorescent dye fabricated by 
Methabion, Germany. 15μl of PCR mixture 
contained 1x FIREPol® Master Mix Ready to 
Load with 7.5mM MgCl2 (Solis BioDyne), 
60 μmol of primers and 200 ng of gDNA. PCR 
was carried out on 9200 Thermal Cycler 
(Applied Biosystems), 35 cycles at 60 °C an-
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nealing temperature. The fragment analysis of 
the PCR-amplicons was carried out by elec-
trophoresis in a denaturated polyacrylamide 
gel on the automatic laser analyzer ALF-express 
II system. The allele discrimination and al-
lelic imbalance were analyzed using ALF-
express Fragment Manager Software.

Allelic imbalance calculation
AR (allele ratio): ratio of the intensity of the 
alleles in a sample: 

AR = Salele1/Salele2; S — peak area of the allele. 

AI (allelic imbalance): ratio of AR values 
of normal and tumor samples of the same pa-
tient:

AI = ARnormal/ARtumor

Limits of LOH value: 0.67 > AI > 1.35.

Results
Previously, we elaborated the set of 3 STR-
markers inside the HLA-locus and screened 
the extent, to which they were informative in 
the DNA samples of healthy individuals. The 
selected HLA-markers D6S2678 (class I), 
DQIV (class II) and D6S2925 (class III) had 
the highest heterozygosity indexes and the 
largest number of different alleles, data not 
shown. 

According to the basic principle of LOH-
analysis in tumor-normal pairs the locus will 
be informative if the two alleles of the marker 
in the normal tissue have different lengths 

Fig. 1. D6S2925 genotypes in normal samples of OC-patients, ALF-fluorogram of PCR products. Samples in lines 3, 
7 and 14 were uninformative by this STR-marker due to homozygous genotypes.
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Fig. 2. LOH-analysis of 
paired samples (tumor-
normal) in patients with 
ovarian cancer: A — 
DQIV (lines 1–4), B — 
D6S2925 (lines 5–10), 
C — D6S2678 (lines 11–
14); odd lines – normal 
tissue samples, even 
lines — appropriate tumor 
samples. The patient sam-
ples in lines 1–2 demon-
strate a partial somatic de-
letion in the HLA class II 
region in the tumor tissue, 
in lines 7–8 — partial so-
matic allele deletion in the 
HLA class III region in 
the tumor tissue and in 
lines 11–12 — partial so-
matic insertion of 1 tan-
dem repeat in the longer 
allele of the STR in the 
tumor tissue.

A

B

C

1

2

3

4

5

6

7

8

9

10

11

12

13

14



110

N. V. Hryshchenko, V. V. Gordiyuk, S. A. Kravchenko et al.

(heterozygous genotype). Therefore, we 
screened all normal samples for the extent they 
were informative by each STR-marker to de-
termine the normal samples genotypes (Fig. 1).

LOH-analysis of STR-markers in tumor 
samples from patients with ovarian cancer
We tested 29 DNA samples of normal tissues; 
the paired tumor sample was analyzed only in 
case of a normal sample’s heterozygous geno-
type of the STR-marker. One patient appeared 
to be not informative for LOH-analysis by all 
three STR-markers (homozygous genotype). 
Six patients were fully informative by all stud-
ied markers (heterozygous genotypes), and the 
other ones were informative by 2 or 1 mar-
kers — 25 normal samples of OC-patients 
were heterozygous by D6S2678, 23 — by 
DQIV, and 13 — by D6S2925.

All informative pairs of samples (normal 
heterozigotes — tumor) of 28 patients passed 
through the LOH comparative analysis (Fig. 2). 

No alterations in the HLA-markers have 
been observed only in 5 tumors.

There were 40.0 % of the ovarian tumors 
(10/25), in which the somatic alterations were 
detected in the chromosomal region of the 
HLA class I — D6S2678: 8 samples with 
partial allele deletions, 1 tumor with total allele 
loss and 1 tumor with a mutation in STR al-
lele — somatic insertion of a tandem repeat. 
The HLA class II (DQIV) somatic reorganiza-
tions were found in 46.2 % of the samples of 
ovarian tumors (6/13), all the tumors had par-
tial deletions of the STR allele. In 60.8 % of 
the studied OC-samples (14/23) somatic reor-
ganizations were identified in the chromo-
somal region of HLA class III — D6S2925: in 
11 patients the tumor samples had partial dele-

tions of the STR-allele, 1 tumor had total allele 
loss, and in 2 tumors the somatic mutations in 
the STR allele — insertion of tandem re-
peats — were detected (Fig. 3).

Fig. 3. The spectrum of detected alterations in HLA-lo-
cus: uninformative — homozygous genotype of patient’s 
normal tissue; normal — tumors without allelic imba lan-
ce and STR-mutations; STR mut — insertion of tandem 
repeats in the STR allele in a part of tumor cells; allele 
loss — deletion of the STR allele in more than 99 % of 
tumor cells, partial del — deletion of the STR allele in 
more than 35 % of tumor cells (0.67 > AI > 1.35).

Patients with alterations in two HLA loci

Analyzing the patients combined genotypes by 
the 3 studied markers we noted that in 8 ovar-
ian tumors the somatic changes were detected 
in more than one locus (Tab. 1). 

It is well-known that the HLA class I and 
II loci are associated with CD4+ and CD8+ T 
cell activation, used in the majority of the 
developed cancer immune vaccines. Therefore, 
they are the most critical for the immuno-
therapy outcome. We detect the complex al-
terations in the HLA class I and II loci in one 
IIIc-stage aggressive papillary carcinoma with 
metastasis in uterus and omentum in the pa-
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tient passed through 7 courses of palliative 
chemotherapy. 

According to the published data the cluster 
of class III HLA-genes is not directly related 
to the activation of the immune response to 
pathogens and cancer cells, but it contains the 
genes of transforming growth factors, comple-
ment proteins and cytokines — the active com-
ponents that regulate the immune system. 
Three of our patients with IIIc-stage invasive 
adenocarcinomas and metastasis appeared to 
have complex HLA somatic deletions in 
class II and III loci. The other three patients 
had the tumors with partial deletions in HLA 
class I and III and one — the tumor with the 
partial deletion in the HLA class I and the 
mutation in the HLA III STR allele, located 
not far from the MICB gene (HLA Class I 
Polypeptide-Related Sequence B) on the bor-
der of classes I and III. These 4 patients have 

various types of cancer morphology on differ-
ent stages (IIc, IIIa and IIIc), their tumors are 
invasive.

Discussion
Based on the results obtained, it could be as-
sumed that at various stages of ovarian cancer, 
the complex somatic changes, involving se ve-
ral HLA loci, are quite common. The detected 
genetic alterations vary by both the type (dele-
tions and STR- mutations) and the proportion 
between the sub-population of cells with mu-
tations and the general population of tumor 
cells (from a minor amount at the border of 
the resolving power of the LOH-technique to 
complete allele loss). We identified an insertion 
in STR alleles in tree tumors, which have not 
been reported previously for ovarian tumors. 
For comparison, the frequency of such inser-
tions in human germ cells (non-oncological) 

Table 1. Patients with complex alterations in the HLA-locus

ID ov t3 ov t15 ov t5 ov t42 ov t23 ov t27 ov t21 ov t20
Age 49 54 65 52 56 48 50 59
TNM T3cH0M0 T3cH0M0 T3cH0M0 T3cH0M1 T3aH0M0 T2cH0M0 T3cH0M0 T3cH0M0
Stage IIIc IIIс IIIc IIIс IIIa IIc IIIc IIIс
Morphology Papillary 

carcinoma
Adenocar-

cinoma
Adenocar-

cinoma
Papil. 
serous 

adenocar-
cinoma

Endometr. 
carcinoma

Adenocar-
cinoma

Endometr. 
carcinoma

Adenocar-
cinoma

Differen-
tiation

G2 G3 G2 G3 G3 G2 G2 G3

Invasion, 
metastasis

omentum, 
uterus

ovary omentum omentum, 
peritoneum

ovary - - omentum

pCT 7 courses - 3 courses - - - 3 courses -
D6S2678 AI = 1.6 AI=0.88 AI=1.28 homo AI=0.35 AI=0.002 AI=2.16 AI=0.32
D6S2925 homo AI=3.7 AI=1.38 AI=0.36 AI=9.2 AI=0.64 AI=1.40 STR mut
DQIV AI=0.48 AI=1.8 AI=1.9 AI=18.4 homo homo homo AI=0.9

Age — age of patient at the time of OC-surgery; pCT — palliative chemotherapy; AI — index of allele imbalance, 
marked bold AI indexes indicate the diagnostic significance of LOH-analysis; STR mut — somatic insertion of tan-
dem repeats in the STR allele in a part of tumor cells.
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is on average 1x10-3 [21]. Thus, we once again 
confirm that the frequency of genomic reorga-
nizations is not limited to deletions and ampli-
fications and significantly increases during 
oncogenesis.

Summarizing our results it could be indi-
cated that the spectrum of genomic mutations 
in the HLA genomic region consists of partial 
deletions (83.3 % — 25 of 30 alterations), full 
allele loss (6.7 %) and STR tandem repeat 
insertions (10.0 %). We also indicate that the 
HLA genomic rearrangements in individual 
ovarian tumors may be either complex, affec-
ting at least 2 loci, or isolated, occurring only 
in one examined locus. It could be hypothe-
sized that the complex deletions in several 
HLA clusters are the result of an extended 
deletion, which is not limited to one HLA gene 
cluster. First of all, this assumption is based 
on our results, according to which three tumors 
had deletions of alleles in STR markers loca-
li zed in neighboring HLA gene clusters: 
D6S2678 (HLA-E-HLA-C) and D6C2925 
(HLA-B — LT cytokine, class III). As far as 
we know, the ovarian tumors with complex 
HLA genomic rearrangements involving class 
III genes in combination with class I or II 
HLA-regions have not been previously de-
scribed.

According to our results, the abnormalities 
in more than one of the markers studied were 
identified mainly at the latest stages of ovarian 
cancer, 6 of 8 tumors with two alterations 
(Tab. 1) were at the stage IIIc. There were no 
tumors with stage Ia or Ib in this group where-
as in our general OC-group there were 8 pa-
tients with the stage I tumors (p=0.02, Fisher 
exact test). This corresponds to the well-known 
facts that at the later stages of the disease, OC 

tumors have weak response to chemotherapy 
and metastasize to adjacent organs. It could be 
assumed that in the process of oncogenesis, 
the tumor continues to accumulate the altera-
tions in the immune response genes, thereby 
becoming increasingly aggressive, invasive 
and metastatic.

In order to study in detail the correlations of 
isolated and combined reorganizations in HLA 
loci with the pathogenesis of ovarian cancer 
and the response to chemo- and immunother-
apy, it is necessary to enlarge the panel of 
markers and increase the patients group. 
Additionally, we are planning to study the for-
mation of individual immune response to ova-
rian tumors with genetic damage in HLA loci.

It was demonstrated in many studies that 
chromosome aneuploidy, deletions and ampli-
fications of a part of the genetic material of 
different chromosomes were a frequent event 
in different types of epithelial tumors, includ-
ing ovarian tumors [22]. The significance of 
HLA gene expression in an anti-tumour im-
mune response has long been known. Most of 
the data on the association of HLA and ovar-
ian cancer were based on the analysis of the 
average expression of HLA genes in OC-
tumors. In these studies, both increased and 
decreased expression of genes in the I and II 
classes had been shown [23–25]. Such contra-
dictions point to the heterogeneity of the ex-
pression of HLA antigens in tumors and mi-
croenvironment which has] to be clarified. In 
the era of development of immuno-vaccines 
for the treatment of cancer, researchers re-
turned to the study of the expression of diffe-
rent types of HLA antigens. It was found that 
the down regulation of the expression of HLA 
class I and II antigens was associated with a 
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worse prognosis and poor response to therapy 
of ovarian tumors [24–27]. However, as we 
have noted above, high genetic and epigenetic 
heterogeneity within a single tumor, appeared 
to be the main difficulty in the study of epi-
thelial cancers. The сell-to-cell variability in 
gene expression does not allow evaluation of 
the dynamics of the targeted immune treatment 
without the single cell analysis to be involved 
for the assessment of minor tumor cell-popu-
lations possibly resistant to the vaccine. With 
the development of tolerance to immunother-
apy, the minor genotypes of cancer cells, which 
avoid immune recognition are really important. 
That is why for the screening of alterations in 
the HLA-region we have chosen the approach 
of LOH-analysis, which allows the detection 
of even minor reorganizations at the genetic 
level. Of course, this approach does not di-
rectly prove that a part of the tumor cells does 
not contain certain HLA antigens, but does 
indicate such a probability. Moreover, the ge-
nomic reorganizations in HLA locus were 
studi ed in different HLA gene clusters simul-
taneously and it is much cheaper and faster 
than single-cell RNA-sequencing. LOH-
analysis of HLA STRs made it possible to 
identify the complex alterations of the HLA-
region in ovarian tumors. The foregoing facts 
allow the application of the algorithm used by 
us as one of the informative method for rapid 
screening prior to choosing the treatment tac-
tics and for monitoring the effectiveness of 
therapy at the early stages.

Conclusions
Based on the results obtained, we can conclude 
that the STR-based LOH-analysis allows the 
detection of aneuploidy and different types of 

somatic genomic reorganizations in the HLA 
region even in minor cell populations. It will 
provide additional prognostic information giv-
en that the estimation of the average gene ex-
pression level in the tumor tissue might be not 
accurate when a decrease in the expression of 
the studied gene in a population of tumor cells 
is offset by increased expression of the same 
gene in the other cells of the same tumor. The 
STR-analysis would be used for routine screen-
ing to identify patients at risk of complications 
in ovarian cancer immunotherapy and for 
choosing a personalized approach to immuno-
therapy, since damage in HLA-antigens of dif-
ferent classes may be associated with a resis-
tance to the targets of immunotherapy (CD8+ 
or CD4+ T cells inducing pathways).
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Соматичні геномні реорганізації ділянки 
лейкоцитарних антигенів людини в солідних 
пухлинах яєчників

Н. В. Грищенко, В. В. Гордіюк, С. А. Кравченко, 
С. Б. Арбузова, В. І. Кашуба

Успіх імунотерапії раку яєчників визначається ефек-
тивністю імунної відповіді пацієнта, а також якісною 
і кількісною представленістю антигенів основного 
комплексу гістосумісності в пухлинних клітинах і 
мікрооточенні. Рівень експресії генів HLA (лейкоци-
тарних антигенів людини) в пухлинній тканині не 
завжди коректно відображає експресію цих генів в 
різних популяціях пухлинних клітин. Мета. Аналіз 
частоти і спектру соматичних делеций і дуплікацій в 
локусі HLA. Методи. LOH-аналіз (втрата гетерозигот-
ності) STR-маркерів (короткі тандемні повтори) в 
пухлинах яєчників пацієнтів. Результати. Ми показа-
ли, що складні соматичні геномні реорганізації, в яких 
залучені кілька локусів HLA, досить часто зустріча-
ються в пухлинах яєчників. Виявлені генетичні зміни 
розрізняються як по типу (делеції і мутації в аллелях 
STR), так і за кількістю субпопуляцій клітин з мутаці-
ями. Висновки. Отримані результати дозволяють за-
пропонувати LOH-аналіз як ефективний метод для 
виявлення анеуплоїдії та інших типів соматичних ге-
номних реорганізацій у ділянці HLA навіть в мінорних 
популяціях клітин. Цей аналіз надає додаткову про-
гностичну інформацію для визначення ефективності 
різних типів імунотерапії раку яєчників на індивіду-
альному рівні.

К л юч ов і  с л ов а: рак яєчників, імунна відповідь, 
STR-маркер, HLA, генетичні зміни.

Соматические геномные реорганизации 
региона лейкоцитарных антигенов человека 
в солидных опухолях яичников

Н. В. Грищенко, В. В. Гордиюк, С. А. Кравченко, 
С. Б. Арбузова, В. И. Кашуба

Успех иммунотерапии рака яичников определяется 
эффективностью иммунного ответа пациента, а также 
качественной и количественной представленностью 
антигенов основного комплекса гистосовместимости 
в опухолевых клетках и микроокружении. Уровень 
экспрессии генов HLA (лейкоцитарных антигенов 
человека) в опухолевой ткани не всегда корректно 
отражает экспрессию этих генов в различных популя-
циях опухолевых клеток. Цель. Анализ частоты и 
спектра соматических делеций и дупликаций в локусе 
HLA. Методы. LOH-анализ (потеря гетерозиготности) 
STR-маркеров (короткие тандемные повторы) в опу-
холях яичников пациентов. Результаты. Мы показали, 
что сложные соматические геномные реорганизации, 
затрагивающие несколько локусов HLA, довольно 
часто встречаются при опухолях яичников. Выводы. 
Обнаруженные генетические изменения различаются 
как по типу (делеции и мутации в аллелях STR), так 
и по количеству субпопуляции клеток с мутациями. 
Полученные результаты позволяют предложить LOH-
анализ в качестве эфективного метода для выявления 
анеуплоидии и других типов соматических реоргани-
заций генома в регионе HLA даже в минорных попу-
ляциях клеток. Этот анализ предоставляет дополни-
тельную прогностическую информацию для опреде-
ления эффективности различных типов иммунотера-
пии рака яичников на индивидуальном уровне.

К л юч е в ы е  с л ов а: рак яичников, иммунный ответ, 
STR-маркер, HLA, генетические изменения.
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